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TITLE OF THE INVENTION 

Method and System for Minimizing the Time Required to Acquire a 
Control Channel of a Cable Television Signal with a Set-Top Unit 

FIELD OF THE INVENTION 

The present invention relates to the field of cable television systems. More 
particularly, the present invention relates to a method and system for enabling set- 
top units, when connected to the cable television system, to acquire the control 
channel required to allow the set-top unit to operate within the cable system in a 
minimal amount of time. 

BACKGROUND OF THE INVENTION 

In a typical cable television system, each subscriber is provided with a set- 
top unit, also called a set- top box or set- top terminal. The set- top unit is a piece of 
electronic equipment that is used to connect the subscriber's television, and 
potentially other electronic equipment, to the cable network. The set- top unit is 
usually connected to the cable network through a co-axial wall outlet. 

The set-top unit is essentially a computer that is programmed to process the 
signals from the cable network so as to provide the subscriber with the services of 
the cable system. These services from the cable television company typically 
include access to a number of television channels and, perhaps, an electronic 
program guide. Additionally, premium channels may also be provided to 
subscribers for an additional fee. Other video programming services such as pay- 
per-view events and video-on-demand may also be provided over the cable 
network. The set-top box is programmed to provide these and all the other 
services of the cable system to the subscriber. 

However, the services of the cable system are not necessarily limited to 
providing television programming. Some cable companies now offer internet 
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access and e-mail over their cable networks at speeds much faster than are 
available over conventional telephone lines. Some cable companies also offer 
telephone service. It is anticipated in the future that more and more data services 
will be provided over the cable network. Eventually, each home or office may 
have a single connection, via the cable network, to all electronic data services. 

When a new set-top unit is connected to the cable network, it must be 
initialized. To initialize a set-top unit, the unit must be provided with the 
programming required to allow it to function within the specific cable system to 
which it is connected and to thereby provide the services for which the subscriber 
has paid. Each cable system, built and managed by different cable system 
operators, may be set-up and function differently than other cable systems. 
Consequently, initializing a set-top unit includes physically connecting the set-top 
unit to the cable system so that the unit receives the signal from the cable system 
and programming the set-top unit to identify and tune a control channel within the 
signal from the cable system. 

The control channel is a piece of broadband signal used for supervisory 
services. Specifically, the control channel is used to provide the set-top unit with 
instructions and data sent by the cable system operator. Without the data from the 
control channel, the set-top unit will be unable to make appropriate use of the 
signal from the cable system, e.g., recognize television programming on the in- 
band channels of the composite signal from the cable system. The headend is the 
facility from which the cable system operator broadcasts the control channel and 
television signals and provides other services over the cable system. 

The frequency for the control channel could be programmed into the set- 
top unit during manufacture. However, different cable systems will likely use 
different frequencies to transmit their control channel. If more than one control 
channel is used, the configuration of control channels is even more likely to vary 
from system to system. Consequently, each set-top unit must be able, when 
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connected to the cable system, to dynamically locate the control channel or 
channels so as to receive the necessary information required to allow the set-top 
unit to operate with that particular cable system. 

Typical set-top units have a control channel tuner which is used to tune the 
control channel from within the composite signal received over the cable television 
system. The data of the control channel is the provided by the control channel 
tuner to the set-top unit's circuitry. Conventionally, in order to locate a control 
channel when a new set-top unit is first connected to a cable system, the control 
channel tuner in the set-top unit scans through the entire frequency band that might 
contain the control channel(s) until the control channel(s) is located. This involves 
a brute force search which requires stopping and testing each possible frequency. 

Consequently, this search for the control channel requires a period of time 
during which the set-top unit cannot be used to watch television or provide any 
other services of the cable system to a subscriber. Consequently, there is a need in 
the art for an improved method and system of locating the control channel of a 
cable television system so as to minimize the time the set-top unit must spend 
searching for the control channel during which time other functions of the set-top 
unit are not available. 

SUMMARY OF THE INVENTION 

The present invention provides an improved method and system of locating 
the control channel of a cable television system so as to minimize the time the set- 
top unit must spend searching for the control channel and failing to provide any 
other functionality. Consequently, the present invention provides a set-top unit 
better able to respond to the needs of its users. 

The present invention may be embodied and described as a set-top unit for 
connection to a cable television system that includes a control channel tuner; at 
least one programming tuner; and a processor for controlling the tuners. In 
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addition to controlling the control channel tuner, the processor controls the 
programming tuner or tuners to scan a relevant frequency band to help locate the 
control channel required by the set-top unit to achieve full functionality with the 
cable system. 

There are a number of ways in which the processor may use the 
programming tuner or tuners to more quickly acquire the control channel. For 
example, the processor may control the tuner(s) to tune frequencies in the 
frequency band and identify frequencies carrying an active signal. The processor 
then controls the control channel tuner to tune the frequencies carrying an active 
signal to locate the control channel. If the control channel is not found at one of 
the frequencies carrying an active signal, the processor may then drive the control 
channel tuner to tune frequencies in the relevant frequency band until the control 
channel is located. 

Preferably, the set-top unit includes two or more programming tuners. The 
processor may then divide the frequency band between the two programming 
tuners and control the two programming tuners to tune frequencies in different 
portions of the frequency band to identify frequencies carrying an active signal. 
Signal strength at a frequency may be used to identify possible control channel 
frequencies. Consequently, the relevant frequency band can be scanned for active 
signals that might be the control channel more quickly with multiple programming 
tuners. 

Alternatively, the processor may divides the frequency band among the 
both control channel tuner and the programming tuner or tuners. The processor 
then controls each tuner to search a different portion of the frequency band for the 
control channel. Each tuner identifies possible control channels, based on, for 
example, signal strength, to the processor. The processor can then verify whether 
the signal is the control channel. 
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Again, it is preferably for the set-top unit to contain two or more 
programming tuners. Similar to the embodiment described above, the processor 
can then divide the frequency band among the control channel tuner and the first 
and second programming tuners, and control each the tuner to search a different 
5 portion of the frequency band for the control channel. Again, the relevant 

frequency band is obviously searched more quickly with multiple tuners, including 
both the control channel and programming tuners. 

The set-top unit preferably also includes a memory unit in which the 
processor may store data. The processor may, before controlling the programming 

10 tuner or tuners to scan the relevant frequency band to locate the control channel, 

may check the memory unit for a last known frequency at which the control 
channel was broadcast. If such a frequency is recorded and the control channel is 
broadcast at that frequency, the control channel can be acquired very quickly. 
The present invention also encompasses the underlying methods of 

15 constructing and operating the system described above. Specifically, the present 

invention encompasses a method for acquiring a control channel of a cable 
television system with a set-top unit connected to the cable television system by 
controlling at least one programming tuner of the set-top unit to scan a frequency 
band to locate the control channel. The present invention also encompasses the 

20 computer-readable instructions required to cause the processor of the set-top unit 

to operate in the manner described above. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the present invention and are a part 
25 of the specification. Together with the following description, the drawings 

demonstrate and explain the principles of the present invention. 

Fig. 1 is a block diagram of a set-top unit according to a preferred 
embodiment of the present invention. 
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Fig. 2 is a block diagram of a set-top unit according to a second preferred 
embodiment of the present invention. 

Fig. 3 is a flowchart illustrating a preferred method of the present 
invention. 

Fig. 4 is a flowchart illustrating a second preferred method of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Using the drawings, the preferred embodiments of the present invention 
will now be explained. 

Fig. 1 illustrates a set-top unit (100) as a preferred embodiment of the 
present invention. As shown in Fig. 1 , the set-top unit (100) receives a broadband 
signal (105) from the cable television system, typically through a co-axial wall 
outlet. The signal (105) includes a number of television channels as well as one or 
more control channels on which data and instructions necessary to the proper 
operation of the set-top unit (100) with the cable system are broadcast. Without 
the data from the control channel, the set-top unit (100) will be unable to recognize 
the programming on the "in-band" channels of the composite signal (105). 

During normal operation, the set-top unit (100) receives the composite 
cable signal (105). A programming or in-band tuner (e.g., 102) tunes and locks to 
the channel desired by the user from among the various channels included in the 
composite signal (105). The signal for the channel desired by the user is then sent 
through a video signal processing circuit (106) and output to a television set or 
monitor (108) where it can be viewed by the user. 

A user input device (109) provides commands from the user to a 
microprocessor (104). The processor (104) executes the programming for running 
and managing the set- top box (100). The user input device (109) may include, for 
example, a wireless remote control unit that communicates with a receiver in the 
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set- top unit (100). Additionally, the user input device (109) may include a keypad 
or any other input device located on the housing of the set- top unit (100). 

Through the user input device, the user indicates which channel from the 
composite signal (105) that the set-top unit (100) should tune. This input is 
5 received by the processor (104) which controls the primary tuner (102) 

accordingly. 

However, when the set-top unit (100) is first connected to the cable signal 

(105), the tuner (102) cannot be used to tune a channel desired by the user until the 

control channel tuner (101) under the direction of the processor (104) has located 
10 the control channel(s) for that cable network and the processor (104) has received, 

via the control channel, the data required to allow the set-top unit (100) to function 

with the cable system. 

The control channel is typically modulated with a different type of 

modulation than channels carrying television programming. Consequently, the 
15 control tuner (101) may demodulate an incoming signal differently than the 

programming tuner (102). 

As noted above, conventionally, the processor (104) executes an algorithm 

to locate the control channel(s). The processor (104) causes the control channel 

tuner (101) to successively tune various frequencies in a particular frequency band 
20 at which a control channel might be broadcast. This trial-and-error method 

continues until the control channel is located, tuned and locked. 

Under the principles of the present invention, the otherwise idle primary 

tuner (102) is used to minimize the time required to locate the control channel. 

When the set-top unit (100) must acquire the control channel, the processor (104) 
25 controls both the control channel tuner (101) and the primary tuner (102) to search 

the available frequency band for the control channel. With two tuners searching 

the frequency band, the control channel should be identified more quickly. 



361019. 1 



7 



08238.003 




Each tuner (101, 102), under the control of the processor (104), samples the 
data signal, if any, at each frequency tuned. If the programming tuner (102) can 
demodulate the control channel, i.e., the demodulation hardware of the 
programming tuner (102) is compatible with the type of modulation used to 
broadcast the control channel, the programming tuner (102) will provide the 
sampled signal to the processor (104). 

The processor (104) can then determine if the signal provided is that of a 
control channel. The processor (104), being in control of the frequencies 
successively tuned by the tuners (101, 102), already has the frequency associated 
with each signal sampling provided by the tuners (101, 102). Once either tuner 
has located a control channel, the processor (104) controls the control channel 
tuner (101) to tune and lock to the frequency of that control channel so that the set- 
top unit (100) can verify the control channel and provide full service to the user. 

There are a number of equivalent search patterns for the tuners (101, 102) 
to cover the frequency band within which the control channel will be found. For 
example, one tuner (101 or 102) may begin checking frequencies at one end of the 
band, the other tuner starting at the other end of the band, both checking 
frequencies closer and closer to the center of the band until the control channel is 
found. Alternatively, one tuner may start at one end of the band and check 
frequencies toward the center of the band, while the other tuner starts at the middle 
of the band and checks frequencies toward the other end of the band. Any scheme 
for dividing the applicable frequency band between the two tuners is within the 
scope of the present invention. 

^ ^ Once the control channel has been found, the frequency ofthe^contrdl 

channel may be stored by the processor (104)jn-«-TrTemoty unit (110). Then, the 
next time the set-top unit (TQO)-rTgeds to acquire the control channel, the last 
known frequenpy^Jfthe control channel can be retrieved from the memory unit 
(1 10)-^Tlie control channel tuner (101) is the tuned to that frequency under the 
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control of the processor (104). If jh^xontF ol channel is sti lLh eing broadcast -aHftaT^ 
ffcequcficyTthe control channel is thus very quickly acquired. 

Fig. 2 illustrates a set-top unit according to a second preferred embodiment 
of the present invention. As shown in Fig. 1, the set-top unit (100) may include a 
5 secondary tuner (103) in addition to the control channel tuner (101) and the 

primary tuner (102). 

The secondary tuner (103) may be provided for a number of reasons. For 
example, if the set-top unit (100) is designed to provide a picture-in-picture feature 
in which the user can display and watch two separate channels at once, or watch 
10 one channel while recording another, the secondary tuner (103) may be provided 

to tune the second channel in addition to the primary channel tuned by the primary 
tuner (102). Additionally, the primary tuner (102) may be designed to tune analog 
channel signals, while the secondary tuner (103) may be designed to tune digitally- 
modulated channels signals. Some cable composite signals (105) include both 
is analog and digitally-modulated channels. 

Both the primary (102) and secondary (103) tuners are programming 
tuners. As used herein, a programming tuner is a tuner other than the control 
channel tuner (101) which can be used during normal operation to tune a channel 
carrying video programming from among the signals carried by the composite 
20 signal (105), e.g., the primary (102) and secondary (103) tuners. A programming 

tuner can tune both "in-band" frequencies that typically carry video programming 
as well as out-of-band frequencies during the search for the control channel. 

With the presence of the secondary tuner (103), the principles of the present 
invention can be further applied to limit the time required to acquire the control 
25 channel. Specifically, all three tuners (101-103) are used simultaneously to search 

the applicable frequency band for the control channel. 

For example, the frequency band in which the control channel will be 
found may be divided into a number of equal segments that is equal to the number 
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of tuners available in the set-top unit (100). This number of tuners may be three, 
as in the example illustrated in Fig. 2, or more. Each of the tuners (101-103) is 
then used to scan one of the segments of the applicable frequency band so that the 
entire band can be searched in the manner described above and the control channel 
acquired in less time. Again, any scheme for dividing and scanning the applicable 
frequency band among and with the available tuners is within the scope of the 
present invention. 

Fig. 3 is a flowchart illustrating a preferred method of the present 
invention. As shown in Fig. 3, when the set-top terminal must acquire the control 
channel(s), the memory unit is checked to determine whether a last known 
frequency for the control channel has been recorded (200). If a frequency is listed 

(201) , the processor controls the control channel tuner to tune that frequency 

(202) . The processor then determines if the control channel is, in fact, broadcast at 
that frequency (203). If so, the processor receives the control channel via the 
control channel tuner (208), and the set-top unit attains full functionality. 

If the listed last-known frequency of the control channel does not still carry 
the control channel or if no last-known frequency of the control channel is stored 
in memory, the set- top unit must locate the control channel. As described above, 
the band of frequencies where the control channel could possibly be located is 
divided among the tuners in the set-top unit (204). Each tuner, controlled by the 
processor, begins scanning a segment of the frequency band to be searched (205). 

Each tuner tunes the various frequencies in its allotted segment ofjbe-" 
frequency band to be searched. If a signal is received^iojifieation is provided to 
the processor which determines if the si^iaLis^hatof the control channel (206). 
With two or more tuners sear^hkrgllie frequency band, the control channel is 
identified more mjieklythan if only the control channel tuner where use to search 
the reley^rfn-equency band. 
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When the control channel is finally located, the processor tunes the control 
channel with the control channel tuner (207). The processor then receives the data 
of the control channel through the control channel tuner (208), and the set- top unit 
achieves full functionality. 

Fig. 4 illustrates an alternative method, a second preferred method of the 
present invention, for minimizing the time required to locate the control channel in 
the composite cable system signal. As shown in Fig. 4 and as explained above, the 
processor will first check the set-top unit's memory for a last known carrier 
frequency for the control channel (200) and will tune that frequency (202) if such a 
frequency is stored in memory (201). If the control channel is detected (203) at 
the stored frequency, the processor receives the control channel (208), and the set- 
top unit achieves full functionality. 

If a last known frequency for the control channel is not stored in memory 
(201), or the frequency stored does not still carry the control channel (203), the 
set-top unit must locate the control channel empirically. The frequency band to be 
searched is divided by the number of programming tuners available in the set-top 
unit (404). This is different than the approach taken above in which a segment of 
the frequency band to be searched was assigned to each programming tuner and 
the control channel tuner. 

After this division of the frequency band to be searched, the programming 
tuners, under the control of the processor, parse through the frequencies assigned 
to each (405). The programming tuners do not provide tuned signals to the 
processor for a determination as to whether the signal is the control channel. 
Rather, the tuners merely note at which frequencies strong signals are received, a 
spectrum analysis. Demodulation is not required or important. This approach 
places fewer demands on the processor. 

The frequencies carrying active or strong signals are identified to the 
processor by the programming tuners (406). The processor then controls the 
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control channel tuner to tune the frequencies carrying active signals as identified 
by the spectrum scan performed by the programming tuners (407). Hopefully, one 
of the active signals identified and tuned with the control channel tuner will prove 
to be the control channel (206). If so, the control channel tuner is locked to the 
control channel which is received (208) to allow the set-top unit to achieve full 
functionality. 

In this way, the time required to find the control channel can be reduced 
because the control channel tuner only tunes and samples frequencies carrying 
active signals as identified by the programming tuner(s). No time is wasted by 
tuning all frequencies, active and inactive, with the control channel tuner. 

If, for whatever reason, the search of the active frequencies identified by 
the programming tuners fails to locate the control channel, the set-top unit can 
default to the conventional method of tuning each available frequency in the band 
with the control channel tuner looking for the control frequency (408). 
Eventually, the control channel is identified (206) and locked (208). 

As will be appreciated by those skilled in the art, the present invention also 
encompasses the computer-readable instructions required to make the processor 
(104) of the set- top unit (100) operate in the manner described above. 
Specifically, the present invention includes computer-readable instructions which, 
when executed by the processor (104), cause the processor (104) to control the 
control channel and programming tuners (101-103) to work simultaneously (as 
outlined in Figs. 3 and 4) to more quickly locate the control channel. As used 
herein, the term "computer-readable" instructions includes software written in any 
language and at any level (e.g., object code, source code, etc.) as well as firmware, 
application specific integrated circuits (ASICs) and the like. 

The preceding description has been presented only to illustrate and describe 
the invention. It is not intended to be exhaustive or to limit the invention to any 
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precise form disclosed. Many modifications and variations are possible in light of 
the above teaching. 

The preferred embodiment was chosen and described in order to best 
explain the principles of the invention and its practical application. The preceding 
description is intended to enable others skilled in the art to best utilize the 
invention in various embodiments and with various modifications as are suited to 
the particular use contemplated. It is intended that the scope of the invention be 
defined by the following claims. 
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